The comparative efficacy of cisplatin (CDDP), carboplatin, and cetuximab (CTX) delivered concurrently with radiation for locally advanced oropharyngeal squamous cell carcinoma continues to be evaluated. METHODS: The linked Surveillance, Epidemiology, and End Results-Medicare database was used to identify and compare patient and disease profiles, mortality, toxicity, and overall cost for patients with oropharynx cancer undergoing definitive concurrent chemoradiation with CDDP, carboplatin, or CTX between 2006 and 2011. The human papillomavirus status was unknown. The primary outcome was 2-year overall survival (OS). RESULTS: Four hundred nine patients receiving concurrent CDDP (n = 167), carboplatin (n = 69), or CTX (n = 173) were included. Those who were older, those who were nonwhite, and those with a Charlson Comorbidity Index ³ 2 were less likely to receive CDDP. Two-year OS was inferior with CTX (hazard ratio [HR], 1.68; 95% confidence interval [CI], 1.08-2.60; P = .020) and no different with carboplatin (HR, 1.31; 95% CI, 0.73-2.35; P = .362) in a Cox proportional hazards model (reference CDDP). There was no statistically significant difference between carboplatin and CTX (HR, 1.28; 95% CI, 0.77-2.14; P = .891). Rates of antiemetic use and hospital visits for nausea/emesis/diarrhea or dehydration were statistically higher with CDDP. Pneumonia rates were higher with carboplatin. In the multivariate model, the corrected mean perpatient spending was significantly higher for CTX and carboplatin than CDDP ($61,133 and $65,721 vs $48,709). CONCLUSIONS: Patients who received CDDP had improved OS. CDDP was also associated with slightly lower overall costs and higher antiemetic usage and hospital visit rates, although a strong selection bias was observed because those receiving CTX and carboplatin were older and had higher comorbidity scores. Cancer 2018;124:4322-4331.
INTRODUCTION
In the United States, approximately 60,000 new head and neck squamous cell carcinoma (HNSCC) cases will be diagnosed in 2017, with at least 40% occurring in patients aged 65 years or older. 1, 2 In particular, rates of oropharyngeal squamous cell carcinoma (OPSCC) appear to be increasing, with much of the increase due to the rise in the prevalence of human papillomavirus (HPV)-related HNSCC. 3 Definitive therapy for patients with OPSCC consists of either resection possibly followed by radiation with or without chemotherapy or organ preservation with definitive radiation therapy (RT). The addition of concurrent chemotherapy with cisplatin (CDDP) to RT (chemoradiation [CRT] ) is the standard of care for patients with OPSCC opting for an organ-preservation approach on the basis of improved overall survival (OS), but increased potential for short-and long-term morbidity has been observed in multiple prospective randomized trials. [4] [5] [6] Additional options suggested by the National Comprehensive Cancer Network (NCCN) guidelines for those who are unable to tolerate high-dose CDDP include cetuximab (CTX) and carboplatin. 7 Carboplatin has a mechanism of directed cancer cell death similar to that of CDDP because it acts as an alkylating agent by binding to DNA and creating crosslinks. 8 Because of the similar mechanism of action, carboplatin is considered a reasonable second-line option for patients who may not tolerate CDDP-based CRT. Another alternative to platinum-based chemotherapy emerged in 2006. Bonner et al 9, 10 demonstrated that the addition of CTX to RT improved both locoregional control and OS in comparison with RT alone.
Cancer November 15, 2018 Currently, there are only limited and retrospective studies comparing standard-of-care CDDP with CTX or carboplatin. Additional randomized controlled trials are ongoing. [11] [12] [13] In the interim, secondary population-based data sources such as the linked Surveillance, Epidemiology, and End Results (SEER)-Medicare database provide an excellent opportunity for comparing survival, toxicity, and overall costs of treatment between concurrent CTX, carboplatin, and CDDP in patients with OPSCC undergoing RT.
MATERIALS AND METHODS

Data Source
We used data from the linked SEER-Medicare database. 14 The SEER program collects information from population-based cancer registries that currently cover approximately 28% of the US population. 15 When linked to Medicare claims, the database provides information on patient demographics, tumor characteristics at diagnosis, treatment, and overall and cancer-specific mortality. Medicare claims include details such as dates of service, Medicare payments, patient deductibles and copayments, diagnoses, procedures, and all-cause mortality. Diagnoses and procedures are reported with International Classification of Diseases, Ninth Revision, Clinical Modification codes, Current Procedural Terminology codes, the Healthcare Common Procedure Coding System, or the National Drug Code number. The database also contains census tract-level socioeconomic measures obtained via the linkage of the patient's address to census data.
Sample Selection
The study protocol received a priori approval by the University of Colorado Cancer Center institutional review board. The target study population was patients with oropharyngeal tumors whose initial treatment included definitive concurrent CRT with CDDP, carboplatin, or CTX and who did not undergo surgical resection. We selected patients whose first primary tumor was a nonmetastatic squamous cell (International Classification of Diseases for Oncology, Third Edition [ICD-O-3] morphology codes 8050-8089: squamous cell neoplasms) oropharyngeal tumor (ICD-O-3 topography codes C01.9, C05.1, C05.2, C09, and C10 [excluding C10.4]) diagnosed from 2006 (the first year in which CTX was approved for the treatment of head and neck cancer) through 2011 (n = 6312). Because we aimed to ensure that all patients had up to 24 months of follow-up, those diagnosed after 2011 were excluded.
We limited the analysis to locally advanced tumors with American Joint Committee on Cancer TNM categories (6th edition). We included cases with a primary tumor size (T) category of T3 or T4 or a regional lymph node (N) category indicating any nodal involvement (N1, N2, or N3). Patients missing the month of diagnosis or with diagnoses identified by autopsy or death certificate were excluded. To capture complete Medicare claims data, patients had to be at least 65 years old at diagnosis and continuously enrolled in fee-for-service Medicare Parts A and B for 12 months before and 12 months after the month of diagnosis (or until death if it occurred within 12 months). In addition, patients with no paid claims during the 12-month observation period were excluded; this left 1552 patients for whom we had complete claims data to examine their prior health status, treatment, and outcomes of interest.
We used Current Procedural Terminology, Healthcare Common Procedure Coding System, International Classification of Diseases, Ninth Revision, and National Drug Code codes reported in the Medicare Provider Analysis and Review, Outpatient, National Claims History Physician/Supplier, and Durable Medical Equipment claims to identify patients undergoing the treatment regimens of interest (Supporting Table 1 ). We limited the study to patients who received initial therapy consisting of concurrent CRT, and we required the first dates of service for chemotherapy and RT to occur within 6 months of the diagnosis and within 21 days of each other to be considered concurrent. We excluded patients whose claims reported RT lasting more than 6 months (n = 16) because we believed that this indicated breaks in treatment or secondary rounds of RT. We also excluded patients identified with surgical resection in either the Medicare claims or SEER variables. Using Medicare claims, we defined surgical treatment as any head or neck surgical procedure codes billed at any time between diagnosis and 3 months after the conclusion of RT. Using SEER variables, we defined surgical treatment as surgery of the primary tumor site (other than excisional biopsies) reported as part of the first course of treatment. We further limited the sample to patients who received CDDP, carboplatin, or CTX, with no evidence of any additional chemotherapy agents, for a final analytic sample of 409 (Fig. 1) .
Outcomes
An initial analysis was conducted to identify patient characteristics (demographics and comorbidities) associated with the receipt of RT with CDDP, carboplatin, or
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Once these 3 treatment groups were defined, the primary outcome was 2-year OS, which was measured as the number of months from diagnosis until death due to any cause. We used Medicare-reported dates of death, which extended through December 2013. Surviving patients were censored 2 years after their diagnosis. SEER dates of death included the cause of death, so we used this information in a sensitivity analysis examining cancer-specific survival (CSS). CSS and OS analyses were similar between CDDP, carboplatin, and CTX; therefore, OS was selected as the primary reported endpoint of this study. SEER dates of death were available through 2011. Therefore, patients diagnosed in 2011 were excluded from CSS analyses.
We examined toxicity associated with the 3 treatment options. Using claim procedure and diagnosis codes, we identified toxicity events within the 6 months after the initiation of RT. Events included the following: surgery performed more than 3 months after the Cancer November 15, 2018 last date of radiation, gastrostomy or feeding tube placement, tracheostomy or airway obstruction, weight loss, use of antiemetics, dysphagia, esophageal stricture, acute renal failure, acute hepatic failure, aspiration pneumonia, pneumonia, speech pathology, and any emergency department (ED) visit. We also included hospital or ED visits with symptoms of dehydration, malnutrition, neutropenia/thrombocytopenia, or nausea/vomiting/emesis as toxicity events. The supporting information reports all codes used to identify these events (Supporting Tables 2  and 3) .
We estimated the total spending in the 12 months after the month of diagnosis. We defined total spending as the sum of Medicare payments, patient deductibles and copays, and payments made by any other primary payers as reported on the Medicare claims. We included claims from the Medicare Provider Analysis and Review, Outpatient, National Claims History Physician/Supplier, and Durable Medical Equipment files.
Control Variables
In all multivariate analyses, we adjusted for patient sex, age at diagnosis, race, marital status, SEER reporting registry, population density (metropolitan, urban, or rural), median census tract income, primary tumor site, and American Joint Committee on Cancer T and N categories. Using Medicare claims, we also identified and controlled for whether the primary treatment facility was a teaching hospital and whether the patient received intensity-modulated RT versus any other form of RT. To address potential differences in overall health, Medicare claims from the year before the diagnosis were used to calculate Charlson Comorbidity Index values according to the National Cancer Institute's adaptation of the algorithm described by Klabunde et al. 16 
Statistical Analysis
Treatment modality
Pearson chi-square tests were used to assess univariate associations between categorical variables and chemotherapy modalities. Multivariate logistic regression models were used to assess the association between patient characteristics and the receipt of concurrent CDDP, carboplatin, or CTX.
Toxicity
We used separate multivariate logistic regression analyses to estimate probabilities of experiencing toxicity events. We report results as predicted marginals, which are calculated by the averaging of the estimated probabilities of toxicity for a standardized set of patient covariates. 17 Predicted marginals standardize outcomes to the entire study sample for covariance imbalance 17, 18 and can be interpreted as percentages for logistic models and as means for linear models. Statistically significant trends were determined with the Wald test at P < .05.
Spending
We used a 2-part model to first estimate the probability of positive spending. Using multivariate linear regression analyses, we then estimated the mean spending per patient for those who had positive spending.
Survival
OS was first examined with the Kaplan-Meier method. A univariate survival analysis was performed with the logrank test and unadjusted Cox proportional hazards models to estimate hazard ratios (HRs). Cox proportional hazards regression analysis was used to estimate OS, which was evaluated at a significance level of P < .05. The proportional hazards assumption was assessed with a test of Schoenfeld residuals for covariates in all final models, and it returned no significant results.
19 Two-year OS was selected as the endpoint to ensure complete follow-up for all patients included in this analysis.
All statistical analyses were performed with SPSS v24.0 (SPSS, Inc, Chicago, Illinois). Table 1 reports the sample characteristics. The median follow-up was 24 months. Of the 409 patients included, 167 (41%) received concurrent CDDP, 173 (42%) received concurrent CTX, and 69 (17%) received concurrent carboplatin. Oropharynx sites included the base of tongue (55%), tonsil (32%), and oropharynx not otherwise specified (13%).
RESULTS
Population Characteristics
Treatment
In comparison with concurrent CDDP, CTX was more often used in older patients (odds ratio [ with N2-3 disease were less likely to receive carboplatin over CDDP (OR, 0.44; 95% CI, 0.22-0.88; P = .020). There was a trend for higher utilization of CTX (OR, 1.86; 95% CI, 0.93-3.73; P = .079) and carboplatin (OR, 2.34; 95% CI, 0.91-6.06; P = .079) in patients from lower income counties (Supporting Table 4 ).
Survival Outcomes
Unadjusted 2-year OS was better with CDDP (77.8%), which was followed by carboplatin (66.7%) and CTX (56.7%; log-rank P < .001; Fig. 2 ). In addition, unadjusted 2-year CSS was better with CDDP (83.8%), which was followed by carboplatin (72.2%) and CTX (65.7%; logrank P = .004; Supporting Fig. 1 ). Further analysis with unadjusted 3-year OS and CSS demonstrated similar results (Supporting Fig. 2 ). In the Cox proportional hazards model, CTX corresponded to lower OS (HR, 1.68; 95% CI, 1.08-2.60; P = .020) in comparison with CDDP. There was no statistically significant difference in OS between CDDP and carboplatin (HR, 1.31; 95% CI, 0.73-2.35; P = .362). Additional predictors for longer OS for patients with oropharynx cancer were treatment at a teaching facility (HR, 0.68; 95% CI, 0.46-0.99; P = .043) and receipt of intensity-modulated RT (HR, 0.52; 95% CI, 0.30-0.89; P = .018). Variables associated with shorter OS included older age (>74 years; HR, 2.38; 95% CI, 1.50-3.77; P < .001), female sex (HR, 1.61; 95% CI, 1.07-2.42; P = .023), and T3-4 disease (HR, 1.99; 95% CI, 1.34-2.97; P < .001; Abbreviations: IMRT, intensity-modulated radiation therapy; NH, non-Hispanic; NOS, not otherwise specified.
Cancer November 15, 2018 Table 5 ). In a subgroup analysis comparing carboplatin with CTX in the Cox proportional hazards model, there was no statistically significant difference between carboplatin and CTX (HR, 1.28; 95% CI, 0.77-2.14; P = .891).
Toxicity
Toxicity outcomes based on 1 year of claims data after the diagnosis were evaluated (Table 3) . Compared with patients receiving CDDP, patients receiving concurrent CTX had lower antiemetic use (P < .001) and lower rates of hospital or ED visits for nausea/emesis/dehydration (P = .002) or dehydration (P = .002). Patients receiving concurrent carboplatin appeared to have a lower rate of hospital or ED visits for dehydration (P = .064) but a higher rate of hospital or ED visits for malnutrition (P = .064). Pneumonia rates (not otherwise specified) were also higher in the carboplatin arm (P = .012). In a multivariate analysis, patients receiving CTX (OR, 0.43; 95% CI, 0.25-0.73; P = .002) or carboplatin (OR, 0.52; 95% CI, 0.26-1.03; P = .061) had lower rates of hospital visits due to dehydration (reference CDDP). Patients receiving CTX had a lower rate of antiemetic use than patients receiving CDDP (OR, 0.05; 95% CI, 0.02-0.10; P < .001); hospital visits for nausea/vomiting were also less frequent with CTX versus CDDP (OR, 0.46; 95% CI, 0.25-0.84; P = .012). In a multivariate analysis, there was a trend for higher rates of pneumonia in the carboplatin group (OR, 1.99; 95% CI, 0.89-4.42; P = .093). Acute renal failure rates (not reported because of the lower number of events) were not significant between groups (P = .274 for CTX vs CDDP; P = .925 for carboplatin vs CDDP).
Cost
The mean total Medicare spending during the first 12 months after the diagnosis for patients receiving concurrent CDDP, carboplatin, and CTX was $52,133, $67,560, and $62,683, respectively. In the multivariate model, the corrected mean total per-patient spending was significantly higher for CTX (P = .007) and carboplatin (P = .005) than CDDP ($61,133 and $65,721 vs $48,709).
DISCUSSION
Our study is one of the most comprehensive population-based studies directly evaluating treatment, toxicity, spending, and survival outcomes with concurrent CDDP, carboplatin, and CTX for locally advanced oropharynx cancer. Our findings demonstrate that patients receiving CDDP had longer OS than those receiving CTX or carboplatin-based CRT, although there appears to be a clear selection bias because those receiving CTX or carboplatin were older, had more comorbidities, and were of nonwhite race. Overall, the data presented in this study support the recommendations for CDDP-based CRT in elderly patients if it is tolerated, with carboplatin and CTX used as second-line options. Although toxicity rates were also similar between the treatment arms, CDDP was associated with higher antiemetic use and more frequent hospital/ED visits due to dehydration. Carboplatin use was associated with a slightly higher rate of pneumonia. Lastly, the total mean Medicare cost per patient was higher for those receiving CTX, which was followed by carboplatin and CDDP.
Current guidelines from the NCCN suggest that CDDP is the preferred treatment for patients with OPSCC, with CTX or carboplatin reserved for those who medically cannot receive CDDP. 20 Other than the published phase 2 randomized trial, 21 the data comparing the effectiveness of CDDP and CTX given concurrently with RT are limited to retrospective, nonrandomized studies. [22] [23] [24] [25] These studies have limited generalizability because they included diverse study populations that aggregated patients from different head and neck cancer subsites in both definitive and adjuvant settings and reported a variety of endpoints from equivalent outcomes 22, [26] [27] [28] [29] rather than the superiority of CDDP to CTX. [30] [31] [32] Randomized evidence comparing CDDP and RT with CTX and RT consists of a phase 2 trial from Italy. The study closed early because of poor accrual: it enrolled 70 of its intended 130 participants. Its findings demonstrated higher rates of hematologic, renal, and gastrointestinal toxicities with CDDP and increased rates of cutaneous toxicity and nutritional demands in patients receiving CTX; serious adverse events, including death, were more frequent with CTX. Disease control and OS were equivalent in the 2 arms, although separations on Kaplan-Meier curves were observed for local control, OS, and CSS, with each favoring the CDDP arm; however, the study was underpowered to make conclusions regarding survival differences. Overall, our findings are consistent with published prospective and retrospective studies that have demonstrated comparable-to-worse outcomes with CTX-based CRT.
Data comparing CDDP with carboplatin are more limited. A recent meta-analysis including 12 studies, 3 of which were randomized, compared the outcomes of concurrent CDDP and carboplatin for locally advanced HNSCC. 33 Overall, CDDP was associated with improved Abbreviations: CI, confidence interval; IMRT, intensity-modulated radiation therapy; HR, hazard ratio; NH, non-Hispanic; NOS, not otherwise specified.
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5-year OS, with no difference observed in locoregional control rates. With respect to toxicity, CDDP was associated with lower rates of hematologic side effects, whereas carboplatin use correlated with decreased gastrointestinal toxicities (grade 3 or higher nausea/vomiting); this correlated with findings in our study as well. Of the 3 randomized trials included, the most recently published evaluated patients with nasopharynx cancer and found no difference in 3-year OS rates. 34 The 2 earlier published randomized trials comparing carboplatin and CDDP for HNSCC excluded cancers of the nasopharynx and demonstrated better OS and locoregional control with CDDP. 35, 36 Homma et al 36 compared concurrent CRT with CDDP and concurrent CRT with carboplatin and reported 3-year OS rates of 80.2% and 68.5%, respectively. Notably, De Andres et al 35 compared CDDP and carboplatin in the neoadjuvant setting, with complete responders to induction chemotherapy then proceeding to RT. Five-year OS rates were 49% and 25%, with CDDP favored. The results from these 2 prior randomized trials appear to support the results demonstrated in our study because we have demonstrated a relative difference in OS between carboplatin and CDDP, although this only trended in statistical significance. Additional analyses comparing carboplatin with CDDP for solid tumors, including HNSCC, have concluded that CDDP overall appears to be superior to carboplatin. 8, 37 To our knowledge, this is the largest analysis comparing, in a subgroup analysis, the outcomes with CTX and carboplatin. An important question for patients who cannot tolerate concurrent CDDP is what the second-line concurrent chemotherapy agent ought to be.
Likely because of low patient numbers, our study is not equipped to definitively answer this question. Therefore, on the basis of the limited data at this time, the selection of carboplatin versus CTX for patients who cannot tolerate CDDP continues to be an important question, and future studies are needed to determine the optimal concurrent CRT agent for patients who are CDDP-ineligible.
Our study has limitations. The study group is limited to the Medicare fee-for-service population and those 65 years old or older; therefore, results may not be applicable for the younger head and neck cancer population. The data set also does not contain prognostic factors such as HPV/p16 positivity and smoking status. A lack of HPV/p16 positivity data in this study limits the interpretation of the results because of the prognostic importance of HPV in oropharynx cancer. 38 HPV-positive oropharynx cancers continue to be on the rise, and there are numerous prospective studies evaluating treatment de-escalation because of the exceptional response rates and improved survival outcomes seen in comparison with their HPV-negative counterparts. 39, 40 Data from these studies as they mature will guide practice and provide more personalized medicine based on the HPV status. However, at this time, the current standard of care remains concurrent CDDP for those who can tolerate it.
Further limitations include the potential for a selection bias that occurs when treatment selection is based on unobserved patient characteristics. In our study, CDDP was given more often to younger and healthier patients. We attempted to account for potential confounding factors between those receiving CDDP, those receiving carboplatin, and those receiving CTX in the Cox Abbreviations: CDDP, cisplatin; CTX, cetuximab; ED, emergency department; NOS, not otherwise specified. Acute renal failure rates are not reported because of the low number of events, but they were not significant between groups (P = .274 for CTX vs CDDP; P = .925 for carboplatin vs CDDP).
Cancer November 15, 2018 proportional hazards regression model. The Charlson Comorbidity Index does not define the severity of each comorbidity. The length of radiation treatments and radiation treatment breaks also cannot be easily examined in SEER-Medicare because it is confounded by the survival time. Delays in the completion of RT for HNSCC play a critical role in local control and survival outcomes. 41 Furthermore, the number of chemotherapy cycles (weekly vs CDDP every 3 weeks) could not accurately be determined. Treatment noncompliance may also play an important role in the comparatively older population included in this SEER-Medicare analysis. Finally, outcome measurements are limited to survival because SEER-Medicare does not record data on locoregional control or distant disease.
Findings from this SEER-Medicare analysis demonstrate that those receiving CDDP-based therapy had longer OS than those receiving CTX-or carboplatin-based therapy. This analysis also highlights differences in patterns of receipt of CTX, carboplatin, and CDDP. Our data overall support the current NCCN guidelines favoring CDDP for those who can tolerate it. CTX and carboplatin continue to play a major role in head and neck cancer and offer patients who cannot tolerate CDDP a good option with better OS in comparison with RT alone. 10 
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